Fractional CO 2 laser therapy: A paradigm shift in managing burns and scarring
The mortality and morbidity from burn injury have improved greatly over the past few decades, but despite advances such as improved resuscitation and improved surgical technique including better patient selection by using Laser Doppler Imaging (LDI) 1 and more selective debridement techniques such as the use of the Versajet Õ , 2,3 scarring still causes these patients considerable cosmetic and functional problems. Even moderate enhancements in a range of motion can have significant functional impacts for patients with severe scarring.
Some scarring is easier to treat than others. Most hypertrophic scarring improves to a certain extent with the use of massage, silicone, pressure, steroids and/or treatment with a vascular laser. 4 There is actually little evidence for the effectiveness of these modalities, but as they are (with the exception of the vascular laser) generally relatively cheap and easily available they are the treatment options offered to patients in most clinics around the world. Some scarring however is notoriously difficult to treat, particularly wide plaques of thick, dense scarring -the denser and thicker the scar the more restricting it will be to the patient. Excision and resurfacing may be employed, but this usually entails general anaesthesia and hospital admission. Tissue expanders can be used in this setting, despite the high complication rate and the prolonged discomfort and disfigurement endured by the patient; dermal substitutes have high initial costs.
Fractional thermolysis, introduced by Manstein and Anderson in 2004, 5 offers the possibility of a more successful, and possibly cost-effective way of managing these difficult patients by manipulating the scar rather than excising it. The term 'fractional' is used as the technique produces thousands of narrow, noncontiguous columns of thermal damage up to a depth of 4 mm of the skin and scar tissue; the amount of epithelial loss is confined to the narrow diameter of the column allowing rapid re-epithelialisation, i.e. healing. The microperforations in the scarring cause an increase in its pliability and depending on the depth of penetration may also cause a weakening of adhesions between the scar and underlying tissue such as muscle or tendon 6 (Figure 1 ). Unfortunately, this therapy is not currently widely used, probably mainly due to the prohibitive initial cost of the equipment.
Other than for the smallest of burns, deep dermal burn injury has, for the past 40 years at least, been treated by excision and skin grafting in most centres. 7 For large burns, burn excision is both organ-and lifesaving as burn tissue is toxic. The majority of burns however are smaller, and surgical management has been a balancing act between the physical, emotional and financial costs of skin grafting versus the ability to manage post-burn hypertrophic scarring. All burn surgeons should have in their mind a level of dermis, above which burns are left to heal spontaneously and below which they are excised and skin grafted. This excision is often over-generous to ensure the grafts take well. 7 If scar management techniques improved, then this 'line' in the dermis could move lower, so more effective hypertrophic scar treatment would allow us to accept greater post-burn scarring (Figure 2 ). If there was a way of successfully treating hypertrophic scars, it may be better to leave all deep dermal burns to heal spontaneously and then treat the scarring.
Most of the literature on laser photothermolysis concentrates on the more lucrative cosmetic market, but there are at least 17 case series totalling over 260 patients, demonstrating the effectiveness of fractional laser thermolysis in both burn and trauma patients. They clearly demonstrate improvements in the cosmetic appearance (texture and colour) of the scarring. Other, more dramatic benefits are the successful treatment of tethered skin graft scarring and improved range of movement of scars crossing joints, [8] [9] [10] [11] [12] [13] which are impressive outcomes.
In 2012, Shumaker et al. 14 from the Naval Medical Centre, San Diego published the results of three patients with combat blast injuries who had been treated with the fractional CO 2 laser which had dramatic effects on the fragile skin-grafted areas, allowing greater use of prosthetics. They coined the term 'photomicrodebridement', and postulated that the use of the fractional laser was also useful in disrupting the chronic biofilm associated with non-healing wounds. A review from the same centre of hundreds of patients with post combat scarring treated with fractional CO 2 thermolysis 15 reported that the treatment was well tolerated and 'results in improvement in virtually 100% of patients after each treatment', with outcomes varying from modest enhancements in texture and colour to rapid sustained improvements in range of movement and wound healing, such that planned surgical revisions were obviated, and facilitating earlier return to full or adapted function or the use of prosthetic devices.
In 2014, eight US military dermatologists and plastic surgeons produced a consensus document 16 that described a treatment algorithm discussing the role of various lasers in scarring following burns injury or trauma. They concluded that 'lasers, particularly Ablative Fractional Laser, deserves a prominent role in future paradigms for scar treatment, with the possible inclusion of early intervention for contracture avoidance and assistance with wound healing'.
The ability to be able to treat established, mature scarring without resorting to surgery represents a sea change in the management of these patients and should be welcomed by burn surgeons. It is possible that units that possess one of these lasers will also treat acute burns differently from those who do not, leaving more deep dermal burns to heal spontaneously and then aggressively treating the resultant hypertrophic scarring once healed. This management style also requires the ability to accurately determine the depth of a burn, which is made much more certain with the use of an LDI machine. 17 In countries where surgeons get paid more to operate than not to, there may be resistance to this change.
Surgeons need to rise to the challenge of this new technology. Despite the initial costs involved, in order to offer the best care to patients, burn and trauma centres should add fractional laser thermolysis to their armamentarium.
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